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@ Remote control of downhole tool through pressure change. 
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@ A remote control downhole valve (200) in- 
cludes a controller (224) having receiver means 
(232), comparing means (226) and control sig- 
nal generator means (236) , and a valve element 
(208) movable by an actuator between an open 
and a closed position. Pressure change signals 
are introduced into a column of fluid standing 
in the well, including a command signal having 
at least one high level pressure change. The 
high level pressure change includes a change 
from a first value to a second value, with the 
second value being at least 1,000 psi (6.89 MPa) 
above hydrostatic pressure of the column of 
fluid in the well, and with pressure being main- 
tained at the second value for an interval of time 
corresponding to information stored in the con- 
trol system of the downhole valve. 
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The present invention relates generally to remot 
control of downhote tools through pressure chang 
signals transmitted through a column of fluid in the 
well. 

Traditionally, downhole tools such as those util- 5 
ized in drill stem testing of oil and gas wells have been 
controlled either by physical manipulation of the pipe 
string which carries the tools or by changing the pres- 
sure applied to a column of fluid standing in the well, 
with that pressure being directly mechanically ap- io 
plied to a power piston of the tool so as to move an 
operating element of the tool. This second mode of 
operation includes those tools which are directly op- 
erated by changing well annulus pressure which is 
communicated with a power piston of the tools, or so- is 
called annulus pressure responsive tools. The oper- 
ating pressures for annulus pressure responsive tools 
typically are relatively high, on the order of 1,000 to 
1,500 psi (6.89 to 10.34 MPa) above the hydrostatic 
pressure of the well annulus fluid. 20 

More recently, the development of downhole 
tools including programmed electronic controllers 
has made possible the use of remote controlled tools 
which may receive command signals transmitted 
from a remote command station, located at the 25 
earth's surface, through any one of several means to 
a receiver contained in the tool. The programmed 
electronic controller then causes the operating ele- 
ment of the tool to be actuated through any one of 
several types of operating systems in response to the ao 
remotely received command signal. 

One system which has been developed for re- 
mote communication with such a preprogrammed re- 
mote control downhole tool is that described in Up- 
church U.S. patent specifications nos. 4,896,722. 35 
4,915,168, 4,796,699 and 4,856,595. The Upchurch 
patents propose a communication system utilizing 
one or more low level pressure pulses transmitted 
through a column of well annulus fluid. The Upchurch 
patents define low level pulses as being those less 40 
than or equal to 500 psi (3.45 MPa) above hydrostatic 
well annulus pressure. The pulse proposed by Up- 
church includes a rise from hydrostatic pressure to 
the low level peak at some value below 500 psi, (3.45 
MPa), with that low level peak being maintained for a 4S 
period of time which determines the informational 
content of the pulse, and the pressure then dropping 
back to hydrostatic pressure. An operative command 
signal signature for a downhole tool utilizing the Up- 
church system may include one or more of t hese low so 
level pulses. 

We have now devised an Improved system for 
communicating with a remotely controlled downhole 
tool by means of pressure changes in a column of fluid 
standing in the well. The system uses high level pres- ss 
sure changes wherein a pressure applied to a column 
of fluid is changed from a first value to a second val- 
u , with the second value preferably being at least 



1,000 psi (6.89 MPa) above hydrostatic pressur of 
the column of fluid in the well. 

in a second aspect, the present invention prefer- 
entially utilizes a pressur drop signal wherein the in- 
formational content of the signal includes an interval 
of time over which a lower second value of the pres- 
sure is maintained. 

According to the present invention, there is pro- 
vided a remote controlled downhole valve apparatus 
for use in a well, which comprises a housing, a valve 
element disposed in said housing and movable be- 
tween an open position and a closed position; a con- 
troller having information stored therein identifying 
an operative command signal signature associated 
with said valve, said operative command signal sig- 
nature including at least one high level pressure 
change applied to a column of fluid in said well, said 
controller including receiver means for receiving a 
command signal introduced into said column of fluid 
in said well from a remote command station, and for 
generating an electrical signal representative of said 
command signal: comparing means for comparing 
said electrical signal to said stored information and 
confirming that said command signal contains said 
operative command signal signature; control signal 
generator means for generating a control signal for 
each confirmed command signal; and actuator 
means for moving said valve element from one of its 
said open and closed positions to the other of its said 
open and closed positions in response to each control 
signal generated by said control signal generator 
means. 

The invention also provides a method of control- 
ling a downhole valve in a well, said valve having open 
and closed positrons, comprising: 

(a) transmitting into said well a command signal 
including at least one high level pressure change 
applied to a column of fluid in said well; 

(b) receiving said command signal and generat- 
ing an electrical signal representative of said at 
least one high level pressure change; 

(c) comparing said electrical signal to information 
stored in a control system for said downhole tool, 
said information identifying said at least one high 
level pressure change: 

(d) by said comparing of step (c), verifying that 
said command signal is directed to said downhole 
tool; and 

(e) upon said verifying of step (d), moving said 
valve from one of its said open and closed posi- 
tions to the other of its said open and closed pos- 
itions. 

The Invention further provides a method of con- 
trolling a downhole tool In a well, comprising: 

(a) providing said downhole tool with a control 
system having information stored therein: 

(b) transmitting into said well a command signal 
including: 
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(1) dropping a pressure applied to a column of 
fluid in said well from a higher first value to a 
lower second value; and 

(2) maintaining said pr ssure substantially at 
said lower second value for an Interval of time 5 
corresponding to said information stored in 
said control system; 

(c) receiving said command signal and generat- 
ing an electrical signal representative of said in- 
terval of time; 10 

(d) comparing said electrical signal to said infor- 
mation stored in said control system, and thereby 
verifying that said command signal is directed to 
said downhole tool; and 

(e) upon said verifying of step (d), moving an op- is 
erating element of said downhole tool. 
Preferably, the system of the present invention 

combines both high level pressure change signaling 
and pressure drop signaling so that the command sig- 
nal begins at a first level of for example 1,500 psi 20 
(10.34 MPa) above hydrostatic pressure and drops to 
a second level of for example 1,000 psi (6.89 MPa) 
above hydrostatic pressure, and is maintained at that 
second level for a period of time corresponding to the 
informational content of the high level pressure drop 25 
signal. 

Anumber of advantages are provided by this sys- 
tem of high level pressure drop signaling. 

One advantage is that the application of a pres- 
sure drop to the well annulus fluid is more easily con- 30 
trolled than is a pressure pulse and thus more precise 
control of the input command signal to the well annu- 
lus can be provided for a pressure drop signal. 

Another advantage of the high level pressure 
change signaling is that when both the first and sec- 35 
ond values of a pressure change are sufficiently high- 
er than the hydrostatic pressure of the column of fluid 
In the well to which the signal is being applied, a ma- 
jority of possible compression of that column of fluid 
has already occurred, thus eliminating much of the 40 
distortion of the signal as it travels through the col- 
umn of fluid as compared to low level signaling where- 
in compressibility of the fluid is a substantial factor in 
contributing to distortion of the pressure change sig- 
nal as it travels downward through the well. 45 

In order that the invention may be more fully un- 
derstood, reference is made to the accompanying 
drawings illustrating embodiments of the invention, 
wherein: 

FIG. 1 is a schematic elevation sectioned view of so 
a drill stem test string in place within a well, and of an 
annulus pressure control system for programmed au- 
tomatic input of a pressure drop signal to the well an- 
nulus. 

FIG. 2 is a view simitar to FIG. 1 showing an al- ss 
ternative annulus pressure control system for auto- 
mated control of a preprogrammed pressure rise 
command signal to be input to the well annulus. 
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FIG. 3 is another view similar to FIG. 1 showing 
another alternative annulus pressure control system 
which is capable of automated input of pr program- 
med pressure rise and/or pressur drop signals to the 
well annulus. 

FIG. 4 Is a cross-sectional view of the control 
valve utilized with the annulus pressure control sys- 
tems of FIGS. 1-3. 

FIG. 5 is a graphic representation of a first pos- 
sible high level pressure drop signal format. 

FIG. 6 is a graphic illustration of a high level step- 
ped pressure rise signal format. 

FIG. 7 is a graphic illustration of a high level pres- 
sure drop signal made up of two pressure dips. 

FIG. 8 is a graphic illustration of a high level pres- 
sure drop signal made up of two pressure dips of 
varying magnitudes. 

FIG. 9 is a graphic illustration of a high level pres- 
sure change signal format made up of two high level 
pressure pulses of equal magnitude. 

FIG. 10 is a graphic illustration of a high level 
pressure change signal format made up of two high 
level pressure pulses of differing magnitudes. 

FIG. 11 is a schematic illustration of the automat- 
ed microprocessor based controller of the annulus 
pressure control systems of FIGS. 1-3. 

FIG. 12 is a graphic illustration of a high level 
stepped pressure drop input signal like that of FIG. 5 
showing established operating limits as utilized by 
the microprocessor based controller of FIG. 11 to in- 
put such a high level stepped pressure drop signal 
into the well annulus. 

FIG. 13 is a logic flow chart for the programming 
of the microprocessor based controller of FIG. 11 to 
achieve the input signal of FIG. 12. 

FIG. 14 is a schematic illustration of one of the 
remote controlled tools carried by the drill stem test 
string seen in FIGS. 1-3, and particularly includes a 
schematic representation of the microprocessor 
based controller and peripheral devices of the down- 
hole remote control tool. 

FIG. 15 is a programming logic flow chart repre- 
sentative of the manner in which the microprocessor 
based controller of FIG. 14 receives the command 
signals transmitted through the well annulus, verifies 
those signals and operates the downhole tool in re- 
sponse thereto. 

FIG. 16 is a graphic illustration of the manner in 
which a high level stepped pressure drop command 
signal like that of FIGS. 5 and 12 is distorted by the 
time it Is received at the remote control downhole 
tool. FIG. 16 further Illustrates the preferred manner 
in which the remotely controlled downhole tool can be 
programmed to receive the distorted command signal 
and store it in menrK>ry with a permissible operating 
command signal envelope which is truly representa- 
tive of the appearance of the command signal when 
r ceived downhol . 
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FIG. 17 is a programming logic chart representa- 
tive of the mann r in which the downhol micropro- 
cessor bas d controller of FIG. 14 receives and 
stores the distorted programming command signals 
llkethatof FIG. 16 having a permissible operating en- 5 
velope representative of the distorted command sig- 
nal as it is received at the downhole tool. 

Detailed Description Of The Preferred 

Embodiments io 

Turning now to FIG. 1, a schematic elevation 
view is thereshown of a typical oil or gas well 10. The 
well 10 is formed by a borehole 12 extending down 
through the earth and Intersecting a subterranean is 
formation 14. A well casing 16 Is placed within the 
borehole 1 2 and cemented in place therein by cement 
18. The casing 16 has a casing bore 20. 

A plurality of perforations 21 extend through the 
casing 16 and cement 18 to communicate the casing 20 
bore 20 with the subsurface formation 14. 

A drill stem test string generally designated by 
the numeral 22 is shown in place within the well 10. 
The drill stem test string includes a string of tubing 24 
typically made up of a plurality of joints of threaded 25 
tubing. The tubing string 24 carries a plurality of tools 
on its lower end. A test packer 26 carries an expand- 
able packing element 28 which seals between the test 
string 22 and the casing bore 20 to define -a well an- 
nulus 30 therebetween. 3o 

The particular test string 22 shown in FIG. 1 car- 
ries a tubing conveyed perforating gun 32 which was 
utilized to create the perforations 21. A perforated 
sub 34 located above perforating gun 32 allows for- 
mation fluids from the subsurface formation 14 to en- 35 
ter the drill string 22 and flow upward therethrough 
under control of a tester valve 36. A reverse circula- 
tion valve 38 is typically located above the tester 
valve 36. An instrumentation package 40 is included 
to measure and record various downhole parameters 40 
of the well such as pressure and temperature during 
the testing operations. Other tools included in the drill 
stem test string 22 may include a sampler 42 and a 
safety valve 44. 

Any of the tools contained in the drill stem test 45 
string 22 may be the subject of remote control oper- 
ation, and particularly it is desirable to be able to op- 
erate the tester valve 38 and/or the reverse circula- 
tion valve 38 in response to remote command signals 
to control a program of draw-down and build-up test- 50 
ing during the drill stem test The tester valve 36 will 
typically be opened and closed a plurality of times to 
perform a number of draw-down and build-up tests, 
and after that testing is completed, the circulation 
valve 38 will b opened to allow well fluids to be re- 55 
verse circulated out of the tubing string 24. 

In the upper portion of FIG. 1 , a first embodiment 
is schematically illustrated of an annulus pressure 



control system for controlling annulus pressure in the 
well annulus 30 to send a remot control command 
signal to a downhol tool such as tester valve 36 or 
circulation valve 38. The annulus pressur control 
system is generally designated by the numeral 46. 
The particular annulus pressure control system 46 il- 
lustrated in FIG. 1 is designed solely to control pres- 
sure drop type command signals. 

The well 10 has associated therewith a high pres- 
sure source 48 which typically Is a plurality of high 
pressure rig pumps which are ut 1 lized to circulate dri II- 
ing fluids down through the well. The well 10 also has 
associated therewith a low pressure dump zone 50 
which typically is an open pit in which used drilling 
mud is received prior to being reconditioned and re- 
circulated back into the well. 

The annulus pressure control system 46 Includes 
a conduit 52 which connects a rig pump manifold 54 
to a well annulus inlet 56 so that the well annulus 30 
can be communicated with either the high pressure 
source 48 orthe low pressure dump zone 50 by open- 
ing valve 58 or valve 60, respectively, of the rig pump 
manifold 54. A pressure gauge 57 will typically be in- 
stalled in conduit 52 adjacent the well annulus inlet 
56. 

The annulus pressure control system 46 includes 
a first control valve 62 having an inlet 64 and an outlet 
66. The details of construction of the control valve 62 
are shown in FIG. 4 which is further described beiow. 

The annulus pressure control system 46 also In- 
cludes a remote command controller means 68, the 
details of which are further described below with re- 
gard to FIG. 11. 

Annulus pressure control system 46 includes a 
bypass valve means 70 disposed in a bypass line 72 
for bypassing fluid from the well annulus 30 past the 
control valve 62 to the low pressure dump zone 50. 

Utilizing the annulus pressure control system 46 
to transmit a pressure drop signal, the pressure in 
well annulus 30 will first be increased above hydro- 
static pressure by closing valve 60 and opening 
valves 58 and 70 so that high pressure from the high 
pressure rig pumps 48 can be applied directly to the 
well annulus 30. The pressure of well annulus 30 can 
be visually observed with pressure gauge 57 until it 
reaches approximately the level desired. Then the 
valves 70 and 58 are closed, and the valve 60 is 
opened. Subsequent control of a drop in pressure In 
the well annulus 30 is provided by the control valve 
62 under the control of the automated remote conn- 
mand controller 68. 

The Control Valve Of FIG. 4 

Turning now to FIG. 4, the details of construction 
of th control valve 62 are shown. 

The control valv 62 includes a housing assenv 
bly 74 made up of a valv housing 76, a bearing hous- 
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ing 78, a housing adapt r 80, and a motor housing 82. 

The valve housing 76 has the inlet 64 and outlet 
66 defined therein. Valve housing 76 has a flow pas- 
sage 83 def in d therethrough communicating the in- 
let 64 and outlet 66. s 

Control valve 62 includes a tapered valve seat 84 
defined on a seat insert 86 which is received in the 
valve housing 76 and has a portion of the flow pas- 
sage 83 defined therethrough. 

The seat insert 86 is held In place by an annular io 
externally threaded retalner88threadedly received in 
the flow passage 83. The seat insert 86 is closely re- 
ceived within a bore 90 of valve housing 76 with an 
0-ring seal 92 therebetween. 

The control valve 62 Includes a tapered valve is 
member 94 having an external conically tapered sur- 
face 96 which is complementary to the tapered seat 
84. The valve member 94 is longitudinally movable 
within tapered valve seat 84 along a longitudinal axis 
98 to define a variable area annular opening between 20 
the tapered vah^e seat 84 and the tapered outer sur- 
face 96 of valve member 94. The valve member 94 Is 
shown in FIG. 4 in its closed position wherein it is 
closely engaged with the tapered seat 84 so that 
there is no flow through the flow passage 83. It will 25 
be appreciated that as the valve member 94 moves 
from left to right relative to the valve housing 76, an 
annular opening of ever-increasing area will be cre- 
ated between the tapered outer surface 96 and the 
tapered valve seat 84. This variable area annular 30 
opening provides a variable flow restriction to the 
flow of fluid through passage 83. 

Control valve 62 includes a longitudinal position- 
ing means 1 00 for moving the valve member 94 long- 
itudinally relative to the valve seat 84 in response to 35 
the controller means 68. 

The longitudinal positioning means 100 includes 
an electric stepper motor 102 having a rotatable mo- 
tor shaft 1 04. A base 106 of stepper motor 1 02 is bolt- 
ed to housing adapter 80 by a plurality of threaded 40 
bolts 108. Motor shaft 104 Is connected to a lead 
screw shaft 1 1 0 by pin 11 2. Lead screw shaft 110 has 
a radially outward extending flange 114 defined 
thereon which is received between a pair of bearings 
116 and 118. Lead screw shaft 110 carries on a for- 4S 
ward portion thereof an externally threaded male 
lead screw 1 20. 

Lead screw 120 is threadedly engaged with an In- 
ternal threaded bore 122 of valve member 94. 

Valve member 94 has two intermediate cyllndri- so 
cal outer surfaces 124 and 1 26 defined thereon which 
are closely received within bore 90 and counterbore 
128 of valve housing 76 with sliding 0-ring seals 130 
and 132 being provided therebetwe n, respectively. 

A radially inward extending pin 1 33 fixed to valve 55 
housing 76 is received in a longitudinal slot 134 cut In 
cylindrical outer surface 124 so that pin 133 and slot 
1 34 provide a means for holding the valve member 94 



rotationally f bced relative to valve housing 76 as the 
valve member 94 is longitudinally moved by the ac- 
tion of lead scr w 120 engaging thread 122. 

As is further described below, th electric step- 
per motor 1 02 receives power input from controller 68 
through power supply conduit 136. Stepper motor 102 
can be rotated in either direction in small Increments 
thus incrementally moving valve member 94 relative 
to valve seat 84. 

The valve housing 76 has an Inlet pressure sens- 
ing port 138 defined therein which is communicated 
with the inlet 64 through an annular space 140 and 
eccentric longitudinal bore 142 and a radial bore 144. 
An inlet pressure sensor 146 is threadedly received 
in the inlet pressure sensing port 138. 

Valve housing 76 also has an outlet pressure 
sensing port 148 defined therein which is communi- 
cated with the outlet 66 through radial bore 150 and 
annular space 152. An outlet pressure sensor 154 is 
threadedly received in outlet pressure sensing port 
148. 

The Inlet pressure sensor 146 may be generally 
described as a pressure sensor means 146 for gen- 
erating a pressure signal representative of the annu- 
lus pressure in well annulus 30 and transmitting that 
pressure signal along electrical conduit 1 56 to the re- 
mote command controller 68. 

The controller means 68 is schematically illu- 
strated in FIG. 11 . The controller means 68 preferably 
is a microprocessor based controller including micro- 
processor 158 having a memory 160. The controller 
68 can be programmed and information can be stored 
therein describing a desired command signal which is 
to be applied to the well annulus 30. The desired com- 
mand signal will in all Instances Include at least one 
annulus pressure change. As is further described be- 
low with regard to FIGS. 5-10, there are many differ- 
ent types of annulus pressure change which may be 
programmed into controller 68. The controller 68 re- 
ceives pressure signals from sensors 146 and 154 
along electrical conduits 156 and 155. 

The controller 68 includes a driver signal gener- 
ator 162 under the control of microprocessor 158 for 
sending stepped electrical drive power signals to 
stepper motor 102 along conduit 136. Power for the 
controller 68 is provided by battery 164 or other suit- 
able electrical power source. 

As is further described below, the controller 
means 68 controls the position of valve member 94 
through the rotation of stepper motor 102 in response 
to the pressure signals received from pressure sen- 
sors 146 and 1 54 and In response to the programmed 
information stored in memory 160, and thereby ap- 
plies the desired annulus pressure change command 
signal to the well annulus 30. 
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TheEmb diment Of FIG. 2 

FIG. 2 is a view similar to FIG. 1 showing a modi- 
f i d annulus pressur control system which Is gener- 
ally designated by the numeral 166. The annulus 
pressure control system 166 of FIG. 2 Is designed to 
apply pressure increase signals to the well annulus 
30. 

The orientation of control valve 62 has been re- 
vised so that its Inlet 64 is now connected to the rig 
pump manifold 54 and thereby may be connected to 
the high pressure source 48. The outlet 66 is now con- 
nected to the inlet 56 to the well annulus 30. 

A pressure relief valve means 168 is disposed in 
conduit 52 between the inlet 64 of control valve 62 
and the high pressure source 48. The relief valve 168 
can be set to determine a maximum supply pressure 
provided to Inlet 64. If the pressure from high pres- 
sure source 48 exceeds the set value of relief valve 
means 168, the relief valve means 168 will allow ex- 
cess fluid to flow through a relief conduit 170 back to 
the low pressure dump zone 50. 

Thus, to apply a pressure increase signal to the 
well annulus 30, the valve 58 is opened and the valve 
60 Is closed so that the high pressure source 48 Is 
communicated through the control valve 62 to the 
well annulus 30. Again, the maximum pressure sup- 
plied to inlet 64 of control valve 62 is controlled by the 
pressure relief valve means 168. 

The remote command controller 68 Is program- 
med to apply the desired pressure rise to the well an- 
nulus 30 through the control valve 62. 

If it is desired to manually control the application 
of pressure to well annulus 30, the bypass valve 70 
can be utilized to bypass the control valve 62 thus al- 
lowing high pressure fluid to flow directly from source 
48 to the well annulus 30 through bypass valve 70. 

The Embodiment Of FIG. 3 

FIG. 3 is a view similar to FIGS. 1 and 2 which 
provides yet another embodiment of the annulus 
pressure control system which is generally designat- 
ed by the numeral 172. The annulus pressure control 
system 172 of FIG. 3 can apply command signals to 
well annulus 30 which include both pressure drops 
and pressure rises. This is accomplished by using two 
control valves which are designated as 62A and 62B 
in FIG. 3. The inlet and outlet of control valve 62Aare 
designated as 64A and 66A The inlet and outlet of 
control valve 62B are designated as 64B and 66B. 
The control lines from remote command controller 68 
to first and second control valves 62A and 62B are 
designated as 136Aand 136B, respectively. 

The first control valve 62A functions in the same 
manner as described above with regard to the control 
valve 62 of FIG. 1 to control dropping pressures in well 
annulus 30, and the second control valve 62B func- 



tions Wke th control valve 62 of FIG. 2 to control ap- 
plication of pressur ris s to th well annulus 30. 

Again the pr ssurereli fvalv means 1 68 is pro- 
vided to control the maximum pressure suppli d to in- 
5 let 648 of second control valve 62B from the high 
pressure source 48. 

Also, the bypass valve 70 may still be utilized if 
it is desired to manually bypass the control valves 62A 
and 628. 

10 Although not illustrated In FIGS. 1-3, Itwill be ap- 
preciated that shut-off valves will typically be provid- 
ed in the fluid conduit 52 near the inlets and outlets 
64 and 66 of the control valve or valves 62 so as to 
allow the control valves 62 to be taken out of opera- 

15 tion for repair, replacement or the like. These valves 
may also be utilized to manually block the flow to and 
from the control valves. 

The use of any of the surface controllers of FIGS. 
1-3 provides much more precise control of annulus 

20 pressure signals than do prior art systems. This al- 
lows for much shorter operating signal time windows. 

The High Pressure Change Signal Formats Of 
FIGS. 5-10 

25 

FIGS. 5-10 are graphic Illustrations of several 
different formats of pressure change command sig- 
nals which may be input to the well annulus 30 under 
control of the remote command controller 68. 

30 Each of the signals represented by FIGS. 5-10 
can be generally described as including transmitting 
into the well a command signal including at least one 
high level pressure change applied to a column of flu- 
id standing in the well, and particularly to the well an- 

35 nulus 30. 

The term high level pressure change as used 
herein refers to a pressure change from a first value 
to a second value wherein the second value is at least 
about 1 ,000 psi above hydrostatic pressure of the col- 

40 umn of fluid In the well to which the pressure change 
is applied, and wherein the pressure is maintained 
substantially at the second value for an interval of 
time corresponding to the information stored in the 
control system of the device such as valve 36 or 38 

45 to which the command signal is directed. Thus, for 
pressure rises or pressure pulses, it is possible for the 
pressure to begin at hydrostatic pressure or at rela- 
tively low levels above hydrostatic pressure and then 
to be increased to a second value of at least about 

so 1,000 psi, and thus a high level pressure change is 
provided. It is preferred, however, that both the first 
and second values of pressure defining the pressure 
change be sufficiently higher than hydrostatic pres- 
sure of the column of fluid In the well so that at the 

55 lower of the first and second values a majority of pos- 
sible compression of the column of fluid has already 
occurred. The pressure above hydrostatic pressure 
at which the majority of compr ssion of a given fluid 
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will have occurred will of course vary for different well 
fluids and for differ nt conditions of the well fluid. In 
general, how v r, if the lower valu is at least about 
1 ,000 psi above hydrostatic pr ssur , a majority of 
possible compression of the column of fluid will have 5 
occurred. 

The importance of operating at pressures where- 
in the column of fluid is already substantially com- 
pletely compressed to an incompressible state is that 
this eliminates the sponginess which Is otherwise io 
characteristic of a column of well fluid. If a pressure 
increase signal is applied to a column of well fluid 
which previously was at substantially hydrostatic 
pressure, a good deal of the energy input into the 
pressure signal will be damped due to compression of is 
the well fluid, and thus the profile of the pressure 
change signal will be distorted as it moves downward 
through the well bore. If the signal is input into the well 
bore with pressures at ail times being maintained 
substantially above hydrostatic pressure, however, 20 
the distortion of the signal due to compressibility of 
the fluid through which the signal must travel is great- 
ly reduced. 

FIG. 5 illustrates a command signal which in- 
cludes a stepped pressure drop. As used herein, the 25 
term pressure drop refers to a pressure change from 
a higher first value to a lower second value. 

Pressure drop signals may be preferable in many 
systems to pressure increase signals since even with 
the automated control systems like those shown in 30 
FIGS. 1-3, it is generally easier to precisely control 
the magnitude and timing of a pressure drop than it 
Is to control the magnitude and timing of a pressure 
Increase. This is due to the fact that the pressure drop 
can be achieved merely by throttling pressure from 35 
the well annulus to the low pressure dump zone 50 
whereas a pressure rise depends upon the supply of 
high pressure fluid from high pressure source 48 
which often will be somewhat erratic due to the puls- 
ing of the high pressure rig pumps and related equip- 40 
ment. 

The signal begins at time to at a first value of 
1,500 psi, and then at time ti the pressure drops to a 
second value of 1 ,000 psi. The pressure is maintained 
substantially at the second value of 1 ,000 psi for an 45 
Interval of time At, and then at time t2 the pressure is 
dropped to hydrostatic pressure. 

For the signal represented In FIG. 5, the informa- 
tional content of the signal includes the drop Ap from 
the first pressure value of 1 ,500 psi to the second so 
pressure value of 1,000 psi, and also includes the 
time Interval over which the pressure is maintained at 
the second value, namely At. 

FIG. 6 illustrates anoth r high level pressure 
change command signal format which includes a 55 
stepped pressure pulse. As used herein, the term 
"pulse" refers to a pressure chang that begins at a 
first I vel, then rises to a higher lev I, and then drops 



back down to or toward the first level. 

The signal represented in FIG. 6 begins at time 
ti, prior to which the pressure in the well annulus has 
been at hydrostatic pressure. At about time ti, a first 
pressure increase is applied to the well annulus 30 
raising the pressure to approximately 1,000 psi. The 
pressure is maintained at approximately 1 ,000 psi for 
a time At from ti to t2. At time ta, the pressure is fur- 
ther increased to a level of approximately 1,500 psi. 
Where it is maintained until approximately time ta at 
which time pressure is dropped back to hydrostatic 
pressure. 

The informational content of the command signal 
represented in FIG. 6 will include the time At over 
which the pressure Is maintained at the level of 1 ,000 
psi. It could also include the time interval from t2 to ta 
over which pressure is maintained at the 1,500 psi 
level. Also, the informational content of the signal will 
include the pressure level at which the pressure is 
maintained, and could include the magnitude of the 
pressure change from 1000 psi to 1500 psi. 

FIG. 7 illustrates another format of pressure 
change command signal which includes two pressure 
dips. As used herein, the pressure dip refers to a pres- 
sure change beginning at a higher level, then drop- 
ping to a lower level, then returning back to another 
higher level which may or may not be the same as the 
initial higher level. Thus, a pressure dip includes a 
pressure drop followed by a pressure rise. A pressure 
dip may be a high level pressure dip in which case the 
lower pressure level will be at least about 1,000 psi 
above hydrostatic pressure in the well annulus. The 
pressure dip may, however, drop to levels below 
1 ,000 psi above hydrostatic pressure. 

For example, in FIG. 7, the pressure at to is at a 
higher level of for example 1 ,500 psi. At about ti me ti 
the pressure drops to a lower second level of approx- 
imately 1,000 psi at which it is maintained over a time 
interval At until about time t2. The pressure is then in- 
creased back to the initial level of approximately 
1,500 psi. At approximately time ta, the level Is drop- 
ped back to the lower level of approximately 1 ,000 psi 
and maintained there until time t4 at which time pres- 
sure is returned to approximately 1,500 psi. 

The informational content of the first pressure 
dip preferably includes the magnitude of the pressure 
drop Ap from 1 ,500 to 1 ,000 psi, and the time Interval 
At between t^ and t2 over which the second pressure 
level is maintained. The second pressure dip would 
have a similar informational content 

FIG. 8 illustrates another double pressure dip 
command signal, this time with the first dip being of 
greater magnitude than the second dip. Signals like 
thatof FIG. 8may b pr ferred in some cases to a sig- 
nal like that of FIG. 7 wherein both dips have the 
same magnitude. With a signal like that of FIG. 8 
wherein the two dips ar of differing magnitudes, va- 
rious combinations of the larger and smaller pressure 
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dips may be utilized to command different ones of the 
remote control tools locat d in the drill stem test 
string. If for xample th larger first dip is A and the 
smaller second dip is B. then four different tools could 
be signaled with the various possible combinations of 5 
A and B with each signal including two dips. That is, 
the various signals which could be directed to the four 
tools would be AA, AB. BA and BB. 

The command signal of FIG. 8 begins at time to 
at a higher pressure level of approximately 1 ,500 psi. io 
Atabouttime t2 it Is dropped to a lower level of approx- 
imately 500 psi at which it is maintained until approx- 
imately time t2. After time tz, the pressure is raised 
back to approximately 1.500 psi. The second pres- 
sure dip occurs about time ts when pressure is drop- is 
ped to an intermediate level of 1 ,000 psi at which it is 
maintained until time t4 after which it is raised back 
to 1,500 psi. 

The Informational content of the first pressure 
dip preferably includes the magnitude of the first 20 
pressure drop Api from 1 ,500 to 500 psi, and the time 
interval Ati_2from ti to iz- Similarly, the Informational 
content of the second pressure dip preferably in- 
cludes the magnitude of pressure drop Ap2 from 
1 ,500 to 1 ,000 psi and the time interval At^ from ta 25 

FIG. 9 illustrates a command signal including two 
high level pressure pulses. The signal of FIG. 9 begins 
at time tb at a lower pressure level of approximately 
1,000 psi above hydrostatic well annulus pressure, 
and at approximately time ti the pressure is raised to 
a higher level of approximately 1,500 psi at which it is 
maintained until approximately time t2 at which point 
it is dropped back to the lower level. The second pres- 
sure pulse occurs at approximately time ta at which 
time the pressure is again increased to approximate- 
ly 1.500 psi where it is maintained until approximately 
time t4 at which time It is dropped again to 1,000 psi. 

The Informational content of the first pressure 
pulse preferably includes the magnitude of pressure ^ 
rise Ap from 1,000 to 1,500 psi and the time interval 
Ati.2 over which the pressure is maintained at the 
higher level. 

It will be appreciated that two pressure pulses 
could also be provided wherein the pressure initially 
is at approximately hydrostatic pressure and is then 
raised to approximately 1,500 psi where it is held be- 
tween times ti and t2 and then dropped back to ap- 
proximately hydrostatic pressure. 

FIG. 10 illustrates a pressure command signal 
similar to that of FIG. 9, except that the second pres- 
sure pulse peaks at an intermediate level of for exanv 
pie 1,250 psi. A command signal system utilizing two 
pulses of different magnitud s may be utilized to 
communicate with a plurality of downhole tools ^ 
wherein various combinations of magnitudes of pres- 
sur pulses are used to signal different ones of the 
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downhole tools. 

Programming Of The Remot C mmand 
C ntroIler68Tolnput APr ssure Chang 
Signal To The Well Annulus 

With reference now to FIGS. 12 and 13, the meth- 
od by which the remote command controller 68 con- 
trols the control valve 62 to apply a desired pressure 
change command signal to the well annulus 30 will be 
described. 

FIG. 12 represents a pressure change command 
signal having a stepped pressure drop like that pre- 
viously described with regard to FIG. 5. 

The programmed information stored in the micro- 
processor 158 and memory 160 includes a nominal 
value of the desired annulus pressure signal which is 
represented by the solid line 174 in FIG. 12. The stor- 
ed information also includes upper and lower annulus 
pressure limits represented by dashed lines 176 and 
178, respectively. The upper and lower limits 176 and 
178 lie above and below the nominal value 174. 

To apply the command signal represented in FIG. 
12 to the well annulus 30 utilizing the control system 
of FIGS. 1 and 11. the method is carried out generally 
as follows. The control valve 62 is provided between 
the well annulus 30 and the low pressure dump zone 
50. The desired command signal represented in FIG. 
12 is stored in the remote command controller 68 by 
storing information therein representative of the 
nominal value 174 and the upperand lower limits 176 
and 178. The remote command controller 68 monitors 
pressure within the well annulus 30 by sensing that 
pressure with inlet pressure sensor 146. Controller 68 
controls the position of tapered valve member 94 of 
control valve 62 in response to the stored information 
representative of the desired command signal and in 
response to the pressure sensed by inlet pressure 
sensor 146 so as to apply the command signal repre- 
sented in FIG. 12 to the well annulus 30. 

The manner In which this is accomplished by the 
microprocessor 1 58 of remote command controller 68 
is generally represented in the logic flow chart of FIG. 
13. 

Prior to Initiating the command signal the pres- 
sure in well annulus 30 will have been brought to the 
desired initial pressure of 1 .500 psi by opening valves 
58 and 70 and observing the pressure in well annulus 
30 with pressure gauge 57. The remote command 
controller 68 will then control the position of control 
valve 62 so that the pressure in well annulus 30 is at 
the first pressure level of approximately 1.500 psi un- 
til time t^ at which time the remote command control- 
ler 68 will throttl open the control valve 62 to drop 
the pressure to approximately 1,000 psi where it will 
be maintained until approximately time t2 at which 
time it is dropped to hydrostatic pressur . 

As shown in FIG. 13. by logic block 180, the mi- 
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croprocessor 158 causes the control valve 62 to be- 
gin transnfiitting th control signal of FIG. 12. Period- 
ically the microprocessor 158 will sample the sensed 
pressure sensed by inlet pressure sensor 146 as in- 
dicated by block 182. 5 

As indicated by block 184, if the sensed pressure 
is approaching either the upper or lower limit 176 or 
178, the microprocessor 158 will cause the control 
valve 62 to either move toward a more open position 
or a more closed position, respectively, so as to bring io 
the well annulus pressure back toward the nominal 
value 174. This adjustment is represented by block 
186. This will continue until the transmission of the 
command signal is completed as determined by block 
1 88 at which time the command signal will be termin- is 
ated. 

The information stored in the controller 68 de- 
fines a command signal signature Including at least 
one pressure change of the column of fluid in well an- 
nulus 30. The information defines the nominal value 20 
174 of the pressure of the column of fluid during the 
pressure change and defines the upper and lower 
li mits 1 76 and 1 78 about the nominal value during the 
pressure change. 

25 

The Remote Control Tool Of FIG. 14 

FIG. 14 is a schematic illustration of a represen- 
tative one of the remote control tools carried by the 
drill stem test string 22. The tool shown in FIG. 14 is 30 
generally designated by the numeral 200 and it may 
for example represent the tester valve 36 or the cir- 
culation valve 38. It could also be any of the other 
tools of test string 22. For example, tool 200 could be 
a remote controlled firing head or a remote controlled 35 
gun release associated with perforating gun 32. 

The valve 200 generally has a housing designat- 
ed by the numeral 202. The housing 202 will be un- 
derstood to contain all of the apparatus described 
with regard to FIG. 14. 40 

The housing 202 has a power chamber 204 de- 
fined therein within which is received a reciprocable 
power piston 206. An operating element 208 is oper- 
ably associated with the power piston. Operating ele- 
ment 208 may for example be a ball-type tester valve 45 
such as shown in U. S. Patent No. 3.856.085 to Hoi- 
den et al. having an open position and a closed pos- 
ition. Operating element 208 may be a circulating 
valve such as shown in U. S. Patent No. 4,113,012 to 
Evans et al. Also, the operating element 208 could be so 
a multi-mode testing tool such as shown in U. S. Pa- 
tent No. 4.711,305 to RInggenberg. 

A bank of electrically operated hydraulic solenoid 
valves 210 control th communication of pressure 
from a high pressure source 212 and a low pressure 55 
zone 214 to first and second portions 216 and 218 of 
power chamber 204 through conduits 220 and 222. 

The downhol tool 200 includes a programmable 
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microprocessor-based control means 224. Th con- 
trol means 224 includ s a microprocessor 226 and 
memory 228. Although a separate and distinct mem- 
ory 228 is schematically r presented in FIG. 14, it will 
be understood that the microprocessor 226 will itself 
contain some memory. References herein to storage 
and memory within the controller 224 may refer to 
storage within the separate memory 228 or within the 
microprocessor 226 itself. 

Programming Input 230 which is further descri- 
bed below with regard to FIG. 15 is placed within the 
microprocessor 226 and memory 228 to store infor- 
mation identifying the command signal to which the 
downhole tool 200 is to be responsive. The command 
signal may for example be one of those such as de- 
scribed above with regard to FIGS. 5-10. 

A pressure transducer 232 receives pressure 
change signals in the well annulus 30 and converts 
pressure change signals to a changing electronic sig- 
nal which Is fed through appropriate data Input inter- 
face 234 to the microprocessor-based controller 224. 
Receiver 232 may be described as a receiver means 
for receiving a command signal introduced into the 
column of fluid standing in well annulus 30 from a re- 
mote command station such as one of those descri- 
bed above with regard to FIGS. 1-3. 

The microprocessor 226 compares the electrical 
signal received from pressure transducer 232 to the 
information stored therein identifying the desired 
conrvnand signal. The microprocessor 226 will when 
appropriate verify that the signal received by trans- 
ducer 232 is the appropriate command signal directed 
to the downhole tool 200. The microprocessor 226 
may be described as a comparing means 226 for com- 
paring the electrical signal received from transducer 
232 to the stored information and confirming that the 
command signal contains the operative command 
signal signature previously stored in the controller 
224. 

Upon verifying that the signal received is the 
command signal for which the tool 200 is program- 
med, t he microprocessor 226 wi II direct a driver signal 
generator 236 to perform appropriate switching to di- 
rect electrical power from battery or power source 
238 to the appropriate ones of the solenoid valves 
contained in the bank of electric/hydraulic solenoid 
valves 21 0 so that an appropriately directed pressure 
differential is applied across power piston 206 to 
move the operating element 208 to a desired posi- 
tion. The driver signal generator 236 may be descri- 
bed as a control signal generator means 236 for gen- 
erating a control signal for each confirmed command 
signal. The electric solenoid control valves 210 and 
power piston 206 collectively may be referred to as an 
actuator means for moving th valve element 208 
from one of its said open and closed positions to the 
other of its said open and closed positions in re- 
sponse to each control signal generated by the con- 
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trol signal generator means 236. 

Pref rably th high pressure source 212 will be 
the column of fluid standing in the well annulus 30, 
and when high level pr ssure change signals in the 
well annulus 30 are being utilized to communicate 5 
with the tool 200, the motive force for moving the 
valve element 208 is provided by applying pressure 
from the column of fluid in the well annulus 30 to the 
power piston 206 with that pressure being maintained 
substantially higher than the hydrostatic pressure of io 
the column of fluid in the well annulus. For example, 
the hydrostatic pressure in the well annulus 30 may 
be maintained at 1.000 psi or more above hydrostatic 
pressure while operating the tool 200. 

The downhole tool 200 is provided with first and is 
second position sensors 240 and 242 to sense when 
the power piston 206 is in a position adjacent the re- 
spective ends of the power chamber 204, and for 
sending a signal through electrical conduit 244 to the 
controller 224. The controller 224 is programmed to 20 
generate position signals and to transmit signals rep- 
resentative of the position of operating element 208 
up the well with transmitter 246. These signals may 
for example be received by confirmation signal re- 
ceiver 247 of FIG. 11. 25 

Any one of several known operating systems de- 
fining a high pressure source 212 and low pressure 
zone 214 may be utilized. 

One system uses hydrostatic well annulus pres- 
sure as the high pressure source and an atmospheric 30 
air chamber defined in the tool as a low pressure 
zone. An example of such a system is seen in U. S. 
Patents Nos. 4,896,722; 4.915,168; 4.796,699; and 
4,856,595 to Upchurch. 

Another approach is to provide both high and low 35 
pressure sources within the tool by providing a pres- 
surized hydraulic fluid supply and an essentially at- 
mospheric pressure dump chamber. Such an ap- 
proach is seen in U. S. Patent No. 4,375.239 to Bar- 
ringtonetal. 40 

Still another system is to define two isolated 
zones within a well which have different pressures. 
For example, the well annulus may serve as a high 
pressure source and the tubing string bore may serve 
as a low pressure zone. Such a system is shown in U. 45 
S. Patent No. 5.101,907 to Schultz et al. 

Repeated Use Of A Single Command Signal To 
Toggle A Downhole Tool Between Successive 
Positions 50 

The controller 224 may be programmed to recog- 
nize any number of control signals associated with a 
given downhol tool 200 to cause the tool 200 to op- 
erate in the preferred manner In a preferred embodi- 55 
ment of the invention, however, ther is one and only 
one operative comn^nd signal signature associated 
with a given downhole tool 200. Thus, if it is desired 



to open, then close, then r open the valve lement 
208, this is preferably accomplished by transmitting 
into the well a plurality of substantially identical com- 
mand signals. 

As each of those identical command signals is re- 
ceived in the downhole tool 200, the controller 224 
identifies the command signal as including the previ- 
ously programmed operative command signal signa- 
ture associated with the downhole tool 200. The con- 
troller 224 then generates a control signal with driver 
signal generator 236 for each confirmed command 
signal. When each control signal is generated, the 
valve element 208 is advanced one position in a re- 
peating series of operational positions. 

If the valve element 208 is of the type which only 
has two operating positions, for example, an open 
position and a closed position, then this repeating 
series of operational positions will be comprised of an 
open position, a closed position, an open position, a 
closed position, etc. Other tools may have three or 
more operating positions and thus the repeating ser- 
ies of operational positions might for example be a 
first position, a second position, a third position, the 
first position, the second position, the third position, 
etc. 

In the situation where the series of operational 
positions includes only a first position and a second 
position, such as the open and closed positions of 
valve element 208, the operating element or valve 
element 208 can be described as being toggled be- 
tween first and second positions in response to each 
successive control signal generated by controller 
224. 

Particularly when using the preferred system 
having one and only one operative command signal 
signature associated with the downhole tool 200, the 
transmitter 246 will be utilized to transmit from the 
tool 200 a position confirmation signal indicative of 
which one of the operational positions is occupied by 
the vah^e element 208. 

The system just described is considered prefer- 
able to a system utilizing two or more different oper- 
ative command signals for directing the controller 
224 to move the operating element 208 between its 
various positions, since the use of one and only one 
command signal considerably simplifies the pro- 
gramming of the controller 224. 

FIG. 15 schematically illustrates a logic flow 
chart representative of the programming input 230 
shown in FIG. 14 as being introduced into the control- 
ler 224 and certain peripheral steps related thereto. 

A pressure change signal In the well annulus 30 
is received at pressure transducer or pressure signal 
receiver 232 as represented by block 248. The trans- 
ducer 232 generates an electrical signal representing 
the change in pressure signal as represented by block 
250. which electrical signal is input to th controller 
224 by interface 234. 
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The programming introduced at 230 to the con- 
troller 224 instructs th microprocessor 226 to conn- 
par the electrical signal received from transducer 
232 to the stored command signal signature as indi- 
cated at block 252. 

As indicated at block 254, the microprocessor 
226 will determine whether the electrical signal re- 
ceived from transducer 232 contains the stored conv 
mand signal signature. If it does not, the program will 
return as Indicated at line 256 to that portion of the 
program wherein further signals will be monitored 
and processed. 

If the microprocessor 226 determines that a re- 
ceived signal does contain the stored command sig- 
nal signature, the program will advance along line 
258 to block 260 wherein the microprocessor 226 will 
direct the driver signal generator 236 to generate a 
driver signal communicated to the solenoid valves 
210 so as to cause the position of operating element 
208 to be changed. 

The position sensors 240 and 242 will sense the 
position of operating element as indicated by opera- 
tional block 262 and that information will be fed 
through conduit 244 to controller 224 which will cause 
the position feedback transmitter 246 to transmit a 
position feedback signal to the surfece as indicated 
at operational block 264. 

As indicated at operational block 266, this proc- 
ess will be repeated until the test is over. 

Teaching A Downhole Tool To Recognize A 
Distorted Operating Command Signal 

One of the biggest difficulties encountered when 
utilizing pressure signals transmitted through a col- 
umn of fluid to control an intelligently programmed 
downhole tool is the fact that the pressure change 
signals will be distorted as they move through the col- 
umn of fluid. Thus, a sharp pressure change Input at 
the top of the well will not be so crisp when received 
at the pressure transducer 232 located in the down- 
hole tool 200. 

For example, FIG. 16 Illustrates the manner in 
which a stepped pressure drop signal like that of FIG. 
Swill be distorted by the time it reaches the downhole 
tool 200. In FIG. 16, the solid line 268 represents a 
stepped pressure drop signal as might be input at the 
top of the well as previously described with regard to 
FIG. 5. 

The solid line 270, on the other hand, represents 
the pressure change over time that may actually be 
received at the transducer 232 located In the down- 
hole tool 200. Thus, the pressure changes are not 
nearly so abrupt and th y ar spread over a longer 
time du to the distortion of th signal as It passes 
through the viscous fluid standing in the well annulus 
30. 

This presents a significant problem in that if th 



tool 200 is programmed to recogniz th Input signal 
268, the signal may be so distorted when it reaches 
th downhole tool 200 that it will not be identified as 
having the command signal signature associated 

5 with the tool 200. 

A preferred manner of overcoming this problem 
is to program the tool 200 after it has been placed In 
the well by teaching the tool 200 what the distorted 
form of the preferred command signal will look like 

10 when the distorted form of the command signal is re- 
ceived downhole. 

This is accomplished by introducing into the well 
an original programming command signal which may 
for example appear like the solid line 268 in FIG. 1 6. 

15 As that original programming signal travels down 
through the well, it is distorted into a distorted pro- 
gramming command signal such as represented by 
the line 270. 

The distorted programming command signal 270 

20 Is received by receiver 232 and Is stored in the micro- 
processor 226 and/or memory 228 associated there- 
with. 

This stored distorted programming command sig- 
nal will then be utilized by the controller 224 to sub- 

25 sequently identify an operating command signal sig- 
nature directed to the tool 200. 

Preferably, once the distorted programming com- 
mand signal has been received, a permissible oper- 
ating command signal envelope is determined by 

30 controller 224 by setting upper and lower operating 
limits such as represented by the dashed lines 272 
and 274 in FIG. 16. 

The controller 224 may be programmed In sever- 
al ways to receive the initial programming command 

35 signal. For example, the controller 224 may be pro- 
grammed to first receive a specific wake-up signal 
which tells the controller 224 that the next signal to 
be received will be the distorted programming com- 
mand signal which is to be stored along with the op- 

40 erating limits 272 and 274 for later use in identifying 
operating command signals. Also, the controller 224 
may be preprogrammed to receive the distorted pro- 
gramming command signal during a specified tl me in- 
terval determined by a clock within the controller 224. 

45 As a third alternative, the controller 224 may be pre- 
programmed to receive updated distorted program- 
ming command signals during scheduled time inter- 
vals, again as determined by a dock contained within 
controller 224. 

50 After the distorted programming command signal 
with its appropriate upper and lower limits has been 
stored within the controller 224, the downhole tool 
200 is ready to receive operating command signals to 
cause it to mov th operating I m nt 208. 

55 When It Is desired to Instruct th downhole tool 

200 to move the operating element 208 between its 
various positions, an original operating command sig- 
nal will b introduc d into the well. The original oper- 
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ating command signal will have the same shape 268 
when Introduced Into the well as did the previously in- 
troduced original programming command signal. As 
the original operating command signal travels down 
through the well, it will be distorted in a manner sim- 
ilar to that in which the original programming com- 
mand signal was distorted so that when the operating 
command signal reaches the downhole tool 200, It will 
be a distorted operating command signal having a 
shape like that represented by line 270. 

It will be understood that as conditions within the 
well change over time, there may be some variation 
in the amount of distortion of the signal. This is ac- 
commodated by setting appropriate upper and lower 
limits 272 and 274 defining the envelope about the 
acceptable distorted operating command signal. 

The controller 224 will compare the distorted op- 
erating command signal to the distorted program- 
ming command signal (Including upper and lower lim- 
its 272 and 274) previously stored in the controller 
224 and will verify that the original operating com- 
mand signal is in fact directed to the downhole tool 
200. 

Upon such verification, the controller 224 will 
cause the operating element 208 to be moved to a de- 
sired position. 

Due to the fact that the conditions of the fluid in 
well annu lus 30 wi II change over to time, it Is desirable 
to periodically update the stored distorted program- 
ming command signal to compensate for changes In 
the well environment through which command signals 
must travel to reach the receiver 232. This can be 
done In several ways. As previously mentioned, the 
controller 224 may be preprogrammed to receive up- 
dated distorted programming command signals at 
scheduled intervals. 

Also, in a preferred embodiment of the invention, 
the controller 224 Is programmed to replace the stor- 
ed distorted programming command signal including 
its upper and lower limits with a new stored signal 
each time a distorted operating command signal is 
verified as being directed to the tool. That is, each 
time an operating command signal Is transmitted into 
the well and Is received by receiver 232 and verified 
as being directed to the downhole tool 200 when it is 
compared to the previously stored programming com- 
mand signal, the previously stored programming 
command signal will be replaced in the computer's 
memory with the most recently received and con- 
firmed command signal. 

When the test string 22 includes more than one 
remotely controlled tool, such as for example when 
tester valve 36 and circulating valve 38 are each to be 
remotely controlled, these steps can b repeated to 
assign a different, unique distorted programming 
command signal to each of the tools. Of cours , each 
tool will have to have a unique wake-up signal or will 
have to be preprogrammed to receive Its assigned 



distorted programming command signal at diff rent 
times. 

The programming input 230 which would b pro- 
vided to controller 224 to allow downhol program- 

5 ming of the controller 224 to recognize distorted op- 
erating command signals is generally represented by 
the logic flow chart of FIG. 1 7. 

As Indicated in block 276, the tool 200 must first 
either receive a wake-up command or it must be pre- 

10 programmed so that at a certain time, the controller 
224 will be ready to receive a distorted programming 
command signal. 

As indicated at block 278, the controller 232 will 
receive the distorted programming command signal 

15 and will convert it into an electrical signal transmitted 
through interface 234 to the controller 224. The mi- 
croprocessor 226 will generate and store a permissi- 
ble operating command signal envelope such as that 
represented by upper and lower limits 272 and 274 in 

20 FIG. 16, and as represented by operational block 280 
In FIG. 17. This envelope is established by offsetting 
the recorded points in a direction normal to the slope 
of the recorded pressure signal by a certain amount. 
Other schemes can be utilized to establish the oper- 

25 ating envelope. 

Operattonal block 282 represents the subse- 
quent receipt of a distorted operating command sig- 
nal when an operating command is Input to the well. 
As indicated at operational block 284, the micro- 

30 processor 226 will compare the distorted operating 
command signal with the previously stored permissi- 
ble operating command signal envelope and deter- 
mine whether or not the signal received Is Intended 
for the downhole tool 200. If the signal Is not verified 

35 as being directed to the tool 200, t he tool 200 wl II con- 
tinue to monitor pressure with pressure signal receiv- 
er 232. if any part of the received signal falls outside 
the operating envelope, the tool will ignore the signal. 
If a signal is received which Is confirmed as being 

40 within the permissible operating command signal en- 
velope, the controller 224 will cause driver signal gen- 
erator 236 to generate a signal as represented by op- 
erational block 286 which will cause the operating 
element 208 to be moved. 

45 The distorted operating command signal which 
was most recently verified by the controller 224 will 
then be used to generate and store a new permissible 
operating command signal envelope as Indicated by 
operational block 288. Each signal the tool sees is re- 

50 corded. If the signal is Interpreted as a legiti mate sig- 
nal, this newly recorded signal is saved, and a new 
operating envelope is established around the most 
recent viable signal. This updating feature allows the 
tool to adjust Its response envelope to meet changing 

55 conditions in the well. This helps compensat for 
changing well parameters such as mud viscosity, 
weight, or temperature. 

As indicated by operational block 290, the con- 
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troll r 224 will continu to monitor for pressure sig- 
nals until th testing is over. 

This technique greatly Increases the r liability of 
remote control of downhole tools. This method elim- 
inates the guesswork involved in estimating the ef- s 
facts of the well system on a surface signal as It is re- 
ceived downhole. It also eliminates the need for sur- 
face signal compensation In an effort to produce a 
particular signal downhole. 

Thus it is seen that the present invention readily io 
achieves the ends and advantages mentioned as well 
as those inherent therein. While certain preferred 
embodiments of the Invention have been illustrated 
and described for purposes of the present disclosure, 
numerous changes may be made by those skilled in is 
the art. 



Claims 

20 

1. A remote controlled downhole valve apparatus 
(200) for use in a well, which comprises a hous- 
ing, a valve element (208) disposed in said hous- 
ing and movable between an open position and 

a closed position; a contnDller (224) having infer- 25 
mat ion stored therein Identifying an operative 
command signal signature associated with said 
vah/e, said operative command signal signature 
including at least one high level pressure change 
applied to a column of fluid in said well, said con- 30 
t roller Including receiver means (232) for receiv- 
ing a command signal introduced into said col- 
umn of fluid in said well from a remote command 
station, and for generating an electrical signal 
representative of said command signal; compar- 35 
ing means (226) for comparing said electrical sig- 
nal to said stored information and confirming that 
said command signal contains said operative 
command signal signature; control signal gener- 
ator means (236) for generating a control signal 40 
for each confirmed command signal; and actua- 
tor means (206) for moving said valve element 
from one of its said open and closed positions to 
the other of its said open and closed positions in 
response to each control signal generated by 45 
said control signal generator means. 

2. Apparatus according to claim 1, wherein said at 
least one high level pressure change Includes 
changing a pressure applied to said column of flu- so 
id in said well from a first value to a second value, 

and maintaining said pressure substantially at 
said second value, for an interval of time corre- 
sponding to said stored information, said second 
value being at least 1000 psi (6.89 MPa) above 55 
hydrostatic pressure of said column of fluid in 
said well. 
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3. Apparatus according to clai m 1 or 2, wherein said 
at least on high level pressure chang includes 
a pressure drop, said second valu being lower 
than said first valu . 

4. Apparatus according to claim 1. 2, or 3. wherein 
said operative command signal signature in- 
cludes a stepped pressure pulse which includes 
said at least one high level pressure change. 

5. Apparatus according to claim 1 , wherein said op- 
erative command signal signature includes two 
pressure dips which include said at least one high 
level pressure change. 

6. A method of controlling a downhole valve appa- 
ratus as claimed in any of claims 1 to 5, which 
comprises introducing command signals Into a 
column of fluid in the well, including at least one 
high level pressure change. 

7. The use of a downhole valve apparatus as 
claimed in any of datms 1 to 5 in a downhole 
string. 

8. A method of controlling a downhole valve in a 
well, said valve having open and closed posi- 
tions, comprising: 

(a) transmitting into said well a command sig- 
nal including at least one high level pressure 
change applied to a column of fluid in said 
well; 

(b) receiving said comnnand signal and gener- 
ating an electrical signal representative of 
said at least one high level pressure change; 

(c) comparing said electrical signal to infor- 
mation stored in a control system for said 
downhole tool, said Information identifying 
said at least one high level pressure change; 

(d) by said comparing of step (c). verifying 
that said command signal Is directed to said 
downhole tool; and 

(e) upon said verifying of step (d), moving said 
valve from one of its said open and closed 
positions to the other of its said open and 
closed positions. 

9. A method of controlling a downhole tool in a well, 
comprising: 

(a) providing said downhole tool with a control 
system having Information stored therein; 

(b) transmitting into said well a command sig- 
nal including: 

(1) dropping a pressure applied to a col- 
umn of fluid in said well from a higher first 
value to a lower second value; and 

(2) maintaining said pr ssure substantially 
at said lower second value for an interval 
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of tim corresponding to said inforniation 
stored in said control system; 

(c) receiving said command signal and gener- 
ating an electrical signal r presentative of 
said interval of t i me; 5 

(d) comparing said electrical signal to said in- 
formation stored in said control system, and 
thereby verifying that said command signal is 
directed to said downhole tool; and 

(e) upon said verifying of step (d). moving an io 
operating element of said downhole tool. 
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